PC, describes the features of human errors by the unskilled trainees in the marine engine plant operation and shows the necessary improvement in the training in order to decrease such errors from the viewpoint of educational technology.
Human error data were collected out of the simulator operation record and observation of the trainees in VIMARU (Vietnam Maritime University). The examination of such data has shown that error occurs mainly by omission error and extraneous act. Further analysis was made on such errors by the trainees to fmd out the characteristics of errors caused in the process of acquiring procedural knowledge for the operation. The analysis has revealed that the human errors occur for the following reasons:
(1) Lack of knowledge on the over all system and fundamental operation (2) Insufficient confirmation to operation (3) Incomplete knowledge on the operational sequence In this paper, the roles of instructor will be described in order to reduce the cause for such human errors and to enhance the educational performance.
Introduction
The operational knowledge on the marine engine plant, which is a part of the duty of marine engineer, is procedural knowledge necessary for the smooth operation of the machinery. The unskilled trainee has to acquire such knowledge by actual operating experience on board or by educational training. Since the unskilled trainee are assumed to make a lot of human errors, Off (On the Job Training) which is the training on the actual operation of the marine engine plant, would be a risky selection. The simulator training is a safe training that never damages machinery and others and, therefore, is effective in learning fundamental knowledge on the machinery operation before starting of the OJT.
Besides, one of the special features of this PC based ERS is that the trainee can use the simulator for themselves according to their own level [1] . This ERS has been introduced, as effective training equipment to the trainee before going on board, to Marine Technical College and VIMARU, in Vietnam.
In the simulator training, the operational behavior of the trainee, or operational procedure of the trainee until he makes the machinery to a certain state, is recorded as data for an easy review.
Checking such operational procedure from the point of operational error will be helpful for the instructor to know how the machinery should be operated to the trainee, what are the necessary or unnecessary knowledge for operation and whether the instructor's know-how is appropriated or not.
The reason that this paper remarks to the unskilled trainee is because their experience level is low and therefore the effect of simulator training can be found without being affected by actual experienced knowledge.
VIMARU data are used because VIMARU has exactly the same simulator as that of this study and also in order to fmd the effect of difference of educational syllabus for machinery.
Data for analysis were the operational history of the simulator and the operational procedure of the trainee recorded by a video camera in the simulator training room of VIMARU. The purpose of the data collection is to look into the operational error to specify the cause of such error from out of such history.
Method of Data Collection and Its Contents
The data collection in VIMARU was made onto its fourth grade trainee. Operational data were collected from 19 trainees who experienced simulator training for around 10 hours. The contents of data were about 60 operational procedures for the starting of main engine in the marine engine room. The trainee operates machines and valves on the screen graphics simulating an engine room by means of a mouse (as shown in Figure 1 ).
Main engine remote operation is made on the screen graphics of a control panel (as shown in Figure 2 ). There is also a screen simulating engine room fuel oil system. 5 screens are used for operation of main engine subsystem such as sea water system etc.
As for the operational history of the trainee, operations of start/stop of pumps are stored in the PC as operational history. Such data were collected by local area network. Data samples are shown in the Table 1 comprising operational hours, contents of operation, machinery equipment and conditions at alarm.
Results and Analysis

Relations Between Achievement Time and Number of Errors
The trainee makes various kinds of errors during their operation before achieving goals. Table 2 shows the number of errors made by the trainee known from the operational history. Table 1 Operation record (History data)
The assessment to the result of simulator training for the trainee was made based on the achievement time and the number of errors. Figure 3 shows the actual relations between the achievement time and the number of errors. Table 2 Number of errors and number of students In order to consider the training technique and a method of instruction in the training using the simulator, the contents of errors by the trainee was examined after the practice.
Since it is difficult to build a plan of the operation in case of some of beginners, judging the present state and intention of operation are difficult for them to be able to understand.
Therefore, this operational error is classified into the error of the extemal level so called the error of easily observable behavior [5] . The kind of the errors and its number are shown on Table 3 . Error in the operation of heating system occurs because of the lack of conceptual knowledge of fuel oil heating and of wrong timing of heating. For an appropriate operation of the system, both procedural knowledge and conceptual knowledge are required. Error in forgetting steam valve closing is also observed. This is because attention is not paid to the temperature change of the fuel oil. Such errors indicate the necessity of education on the changing condition of system after the operation of individual equipment. Sufficient explanation and instruction as to the use of the monitor are considered essential. Instructor has to teach checking the condition change of the marine engine plant after operation.
Study on the Human
Error by Unskilled Trainee in Marine Engine Plant Operation
Reaction to Alarm by Unskilled Trainee
Operation by the unskilled trainee is highlighted at the time of sounding alarm. When the alarm is made by a wrong operational procedure, the unskilled trainee tends to repeat the same procedure from the beginning. For example, when the turning motor is started while the indicator cock is closed, alarm of abnormal turning is made automatically. The unskilled trainee, without trying to find the reason for the operational error, tends to simply repeat the same procedure until he realizes the operational error and corrects it [6] . This type of human error is the human error in judgment.
Our study on how the unskilled trainee reacts to the alarm shows that the same operation is repeated 2.5 times on average. When the alarm is made, trainee concentrates his attention not to make alarm and stops the turning to escape from the alarm. Knowledge to find the cause of error is considered insufficient. Some kind of support system that helps the unskilled trainee assume the cause of error would be necessary in addition to the simple alarming of the system abnormality'. Moreover, instructor not only teaches Therefore, the instructor has to play a major part in order to solve the above issues that means the unskilled trainee's own weak points.
4.Training with Consideration for Human Error
Human error is said to occur at every step of recognition, judgment and operation. In view of the operational errors and behaviors during the training on the simulator, and of educational technology, following improvements are proposed:
Acquisition of Fundamental Knowledge Required for Junior Engineer
For acquisition of procedural knowledge through the operation of simulator, fundamental knowledge is essential.
It is easy to acquire conceptual knowledge such as structure of machinery etc. in the classroom teaching, but that is not enough for actual operation of the machinery. Junior engineers are required to have more information on the condition of the pumps to run or to stand-by.
Such knowledge, which is usually acquired through the experience in the sea, can also be acquired through self learning by a simulator. When the knowledge by self learning is not sufficient, it must be supplemented by the instructor. The acquisition of knowledge by the coordination of self learning and instructor is most important.
Acquisition of Knowledge on the System
Junior engineers understand the name and the function of machinery and equipment to be operated, but they often fail to understand the combination of machinery and equipment and its meaning. It may sometimes turn out that the valve near the pump is recognized and operated but the valve far from the pump is forgotten and not operated.
Typical examples of the lack of systematical knowledge
are that they open all the valves and/or they open the valves in a direction from right to left on the screen. Since the simulator can put the marine engine plant as an energy flow on the screen, it will be quite necessary to show them the system for their understanding[8].
Enhancement of Judgment Skill
When the junior engineers are required to make some decision during the operation of the simulator, they are liable to operate the machinery with wrong judgment or to continue it without any judgment because they are short of knowledge necessary for judgment criteria. When the judgment is required, the criteria for judgment have to be Journal of the JIME Vol. 41, Special Issue (2006)
shown to them. In some cases, they give up the operational failing in satisfying operating conditions. The instructor has to show them the conditions necessary to continue the operation.
Establishment of Mental Model
Junior engineers often fail in confirming the changing situation of the system being operated. This is because they have no recognition of feedback concept and their knowledge on the system operation is not sufficient. They are indifferent to the condition of the system after they have operated the machinery and/or equipment and don't use the function of the monitor. In order to help them establish the mental model, the instructor has to teach them the system change after the machinery operation in addition to the operational procedure.
Repetition of Training
The instructor teaches the operational procedure to the junior engineers, but its memory does not last long time and is easily forgotten. In order to change such short-time memory into long-time memory, training has to be made over and over.
Conclusion
Throughout this paper, we have described the characteristics of the operational errors by the unskilled trainee during the training by means of PC based ERS for acquisition of operational knowledge. The unskilled trainee are short of both conceptual knowledge and procedural knowledge necessary for the operation; they eventually make a lot of errors. Such errors are produced in the learning process and are inevitable for acquiring knowledge. This learning method is called discovery learning and its effect is approved already [9] . This Teaming method, however, has a weak point that takes a long time for acquiring knowledge [10] In this case, the support by instructor is essential to enhancement of the learning effect. In order to clarify the items of support by instructor, following methods were taken: Firstly, we noticed the relations between the time necessary for achieving the goal and the number of errors.
As a result, we have found that there is no correspondence between the time for achievement and the number of errors. This means that some trainees may take only a short time for achievement but with many operational errors. Data for the number of errors and for the time for achievement are both 
